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PRII  ACT 


Ihe  SJrd  Pi  I’  Sympottum  on  Solid  Rocket  Motor  technology  gave  a  leavonaNy 
accurate  picture  of  the  present  ilatc  of  the  art.  both  from  the  rnrarch  and  technology 
point*  of  view.  in  NAIO  countrie*  A  rather  wide  and  qualified  ipectrum  of  tpcaker* 
participation  from  tnduitry.  a  manor  tpcrtiap*  for  the  Oral  time)  pretence  of  US  eapcrti.  and 
the  large  variety  of  topic*  dealt  within  the  men  technical  *e*aaon*  were  poutnr  atpeclt  of  the 
meeting  Some  dcficiencc*  (mentioned  tn  thu  report  i  thould  be  carefully  conudercd  for  the 
future  In  particular.  It  n  appropriate  that  a  levtruted  muon  be  added  to  the  open  wort*  in 
order  to  ttunulale  the  pretcntation  of  more  advanced  rrtulU  in  the  field  However,  my 
feeling  n  that  the  meeting  we*  globally  very  cucccnful 

The  warm  hocpitalily  of  the  Norwegian  coordinator.  Mr  (»  krutoforaen.  the  effort*  of 
Mr  J  II  krrngrl  ll  (ecuttve  of  PI  Pi.  and  the  cooperation  of  the  member*  ol  PI  P  iMrun 
Barrere.  Bay  ley .  (rnptn.  t'ulick.  Mirv-ht  are  gratefully  acknowledged 
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TECIINK  Al  IWIUIION  KIPOKI 


I  INTRODUCTION 

The  S3rd  meeting  of  the  Propulsion  ami  I  nergetwv  Panel  on  Solid  Rocket  Motor  technology  wax  held  at  the  Old 
* ar  School.  IHIo.  Norway .  from  2  5  April  I^Td  the  meeting  *at  organized  to  give  a  survey  of  the  atatc  of  the  art  in 
thta  field  both  in  rcaearvh  and  development 

Moat  paper*  reported  rriearvh  and  development  work  in  the  field  of  internal  halliatic*  including  ignition,  extinction 
combustion  of  metal  and  combustion  instability  Additional  papers  dealt  with  bum  rate  modelling,  new  propellants  aa 
well  as  heal  transfer  and  materials,  testing  and  instrumentation 

The  meeting  confuted  of  seven  sessions  with  a  total  of  36  papers  Concluuona  and  discussions  revealed  a  high 
standard  of  solid  propellant  rocket  technology  in  the  NATO  community .  but  also  a  lot  of  deficiencies  in  the  knowledge 
of  what  is  really  happening  in  a  solid  rocket  Thus  modelling  and  predicting  of  the  performance  of  solid  rocket  compo 
nents  key  for  more  economic  research  and  development  work  are  still  subject  to  uncertainties  and  even  mistakes 


2  DISCUSSION 

Session  I .  Survey  Papers 

71. ear  papers  give  a  first  impression  on  the  problems  and  directions  of  solid  rocket  motor  technolog)  Most  of  the 
topics  mentioned  are  dttcuncd  in  more  detail  in  the  following  teutons 

M  Barren- 1 Paper  No  1 1  presented  a  concise  survey  of  the  research  problems  in  the  field  of  solid  rocket  technology 
and  the  tarvout  investigations  made  at  ONI  K  A  Another  aspect  of  solid  rocketry  at  least  as  important  as  research  is 
development  and  industrial  realization  Paper  No  2  by  h  ( .  Hay  mes  surveys  in  an  impressive  manner  the  current  work  in 
the  United  Stales  on  solid  rocket  motor  dc-ugn  automation  This  procedure  implies  a  pay  -off  in  terms  of  reliable  and  fast 
optimization,  development  cost  and  vcheduk-  Thn  improves  the  capabilities  and  competitive  position  of  the  users 
Mr  tlaymes’  paper  certainly  wav  one  of  the  most  illuminating  contributions  to  the  Sy  mposium 

Seurnn  II.  Ignition.  I  stmetmn  and  Internal  Ballistics 

Paper  No  3  by  (.  I  cngclk  et  al  describes  the  systematic  research  work  done  at  ONI  RA  in  the  field  of  ignition  and 
extinction  of  douhlebatr  and  composite  propellants  and  the  test  facilities  used  It  has  been  shown  by  experiment!  that 
the  ignition  c  hand  eristics  are  only  determined  by  the  propellant  components  hut  not  by  the  method  of  heat  transfer 
from  the  ignition  device  l  de  Luca  (Paper  No  4)  has  treated  this  problem  analytically  for  composite  propellants 
assuming  heterogenous  combustion  and  a  quau  steady  gas  phase  The  discussion  showed  that  the  theoretical  results  soil 
depend  largely  on  the  flame  model  used  and  whether  (he  heat  transfer  into  the  propellant  is  assumed  to  be  a  steady 
(de  Luca)  or  an  unsteady  phenomenon  Results  will  certainly  depend  on  svhether  solutions  are  sought  by  linearized  or 
non-lineanzed  approaches 

Paper  No  5.  presented  by  fc  Stamp!!,  describes  the  SiT  program  (solid  propellant  rocket  motor  prediction  program) 
limited  to  composite  propellants  Comparison  with  experimental  data  shores,  that  specific  impulses  are  overpredicted 
Two  phase  losses  in  aluminized  propellants  prevail  over  other  losaet.  but  compulation  is  rather  uncertain  Therefore, 
accurate  computation  of  the  other  losses  (such  as  divergence  and  combustion  efficiency)  needs  computer  time  without 
influence  on  the  overall  accuracy  of  the  prediction  Furthermore,  correlation  of  statistical  data  has  proved  lo  be  as 
accurate  as  expensive  theoretical  analyses 

II  I  R  SchAyer  (Paper  No  6)  presents  a  sel  of  equations  lo  estimate  the  influence  of  small  sanations  in  the  throat 
area  of  solid  rockets.  The  equations  arr  set  up  by  lineanzation  of  the  one-dimensional  isentrupK  equations  The  method 
may  give  fast  information  during  the  early  phases  of  a  development  program 

In  paper  No. 7  by  W  II  Ihesingrr  definition  and  margins  of  standard  solid  rocket  environment  arc  given  Solid 
rockets  as  either  very  short  burning  thrusters  or  applied  lo  shells  usually  do  not  encounter  a  standard  environment  and 
need  an  appropriate  grain  and  igniter  design  or  a  special  layout  to  overcome  problems  arising  with  axial  acceleration  and 
spin,  respectively 


mmmm 


H  I  lortn.  Paper  So  8.  point*  out  that  unlU  tun*  propellant  igniter  design  i*  an  an  rather  than  a  h  letter  Iherclore 
empirical  know-how  anil  high  standard  laboratory  te\t  equipment  t*  needed  especially  in  the  development  ol  igniter*  (or 
unall  rocket*  bcvau*c  uf  cm iloninenlal  compatibility  requirement*  Paper  No  V  by  A  K  Hall  confirm*  that  igniter  detagn 
uuially  i*  a  more  or  let*  empirical  matter  l  or  *omc  application*  Hot  situation  can  be  remedied  by  pyrogen  igmtcr*  Ihe 
author  advocate*  the  vicvi  that  *uch  minirockel*  *hould  be  preferred  becauac  ol  their  prrdn table  and  reproducible  perfor 
mance  and  theu  tmokeleuneu  il  doublebave  py  rogen*  are  uied 

Prediction  of  mm  burning  a*  a  phenomenon  and  it*  effect*  on  *oltd  rocket  pertormance  it  difficult.  »mce  it  it  not 
yet  fully  undertlnod  what  i*  really  happening  l.xisling  throne*  ha«e  deftcicncir*  K(  Parkinton  (Paper  No  lOithow* 
that  erotive  burning  a*  an  interaction  of  Ihe  boundary  layer  with  Ihe  comhuttion  rone  can  be  correlated  by  a  boundary 
layer  blow-off  criterion  I  route  burning  it  attributed  to  Ihe  re-attachment  of  Ihe  boundary  layer  lo  the  burning  uirface 
The  theory  t*  not  yet  fully  developed  Ihe  effect*  of  crouve  and  tranuent  burning  on  performance  prediction  accuracy 
have  been  invettigaled  by  II  P  Sauerwein  et  al  (Papet  No  II,  Setuon  III  I  le»t  tetullt  with  unall  *ohd  propellant 
rocket  motor*  of  caliber*  1 1  m  and  17?  m  uung  a  18  1*7  •  Al-loadcd  IIIPB  compoute  propellant  revealed  excellent 

agreement  with  theoretical  prediction*  uung  the  appruachet  of  lenoird  A  Kobillard.  and  King  During  the  diKutuon  it 
hat  been  pointed  out.  that  the  agreement  i*  better  than  one  could  expect  and  that  additional  text*  xhould  be  made 

Seven »ii  III  Hum  Kate  Modelling  and  CumhuMiun  of  Metal 

Beude*  comhuttion  intlihtlity  which  i*  to  be  dttcuaed  later,  bum  rate  modelling  and  two  phatr  phenomena 
ataoctaled  with  comhuttion  of  metal  are  very  important  for  rocket  motor  drugn  technology  Reliable  low  co»t 
procedure*  to  handle  Ihete  topic*  would  make  modem  high  performance  tolnl  rocket  motor  deugn  more  economic 

N  S  Cohen  (Paper  No  1 1 1  give*  a  review  of  the  ttalu*  of  iteady-«tate  comhuttion  modelling  of  compoute  propellant* 
Active  binder  propellant!  commonly  known  at  compoute  doublebate  propellant*  are  included  Krtearch  work  in  (hi* 
field  hat  now  reached  a  ttandard  enabling  a  good  feedback  to  propellant  com  bullion  and  tailoring  Additional 
theoretical  and  practical  retearch  it  needed  to  eliminate  dixagreement*  and  other  deficienciei.  and  etpectally  to  reduce 
the  great  number  of  parameter*  Defictenciet  are  mainly  due  to  an  apparent  tack  of  information  concerning  Ihe 
phenomena  of  metal  burning  and  two  phaw  flow  Therefore  te*t*  with  high  tpeed  color  moviet  t  '000  to  5000  fr/t)  of 
propellant*  burning  a*  tlrandt  or  in  a  window  motor  were  of  bauc  interr*t  They  are  reported  by  L  II  Caveny  (Paper 
No  1.1)  (•enerah/ation  it  not  yet  poouhle  unce  the  invrttigjbon  hat  been  rextncled  lo  phenomenology  »o  far  The 
following  item*  xhould  be  noted  Agglomeration  urr.  comhuttion  efficiency  and  dag  formation  are  influenced  by 
propellant  formulation,  particle  u/e.  rocket  motor  internal  grometry  and  chamber  premurr  Ihe  acceleration  field  came* 
break  up  of  the  agglomerate*  in  Ihe  nozzle  region  provided  that  the  Ikrber  number  it  uiffuirntly  high  The  agglomerate* 
dec  reave  in  urr  with  burning  rate  and  pretaure 

The  prevrntation  of  I  D  Price  (Paper  No  Ml  wa»  very  inttructive  III*  color  didr*  thowing  the  microttructure  of 
aluminum  burning  give  a  very  good  view  of  accumulation  of  Al  to  the  burning  uirface.  agglomerated  Al  leaving  the 
burning  turface.  inflammation  and  burning  of  Al  droplet*  in  a  propellant  gat  environment  AP  hydrocrahon  hinder  Al 
propellant*  were  uxed 

It  it  well  known  that  the  AI/AljO,  particle*  may  damp  acouttic  otctllaliont  cauted  by  comhuttion  inxtahility 
Paper  No  1 5  by  K  J  Kraeutle  detenhe*  remit*  of  theoretical  invettigation*  atauming  tphencal  aluminum  oxide  particle* 
of  flat  normal  tire  distribution  Only  a  email  ure  range  (about  I  $0  pm)  »  xuitahle  for  effective  damping  of  the 
common  otc illation  frequencies  The  invextigationt  are  Mill  under  way  Since  particle  ure  it  one  of  the  important  para 
meter*  of  propellant  behavior  tuitahle  tailoring  of  the  content  and  the  ure  dntnhution  of  the  aluminium  oxide  could  help 
to  prevent  cottly  and  time  contuming  modification*  which  might  he  nece**ar>  dunng  the  later  tlation*  of  a  deugn  proceta 

Sewuon  IV,  New  PrnprIUnt* 

( •ram*  for  recoil  lev*  gun*  are  charactenred  h)  large  burning  uirface*  and  unall  web  thickne*ar*  Standard  technique* 
uung  aluminum  foil*  or  tleel  methet  at  a  tupport  for  the  propellant  are  expenuve  and  create  problem*  etpectally  in 
bonding  Ihe  propellant  to  the  tupport  Paper  No  16  of  A  T  ("amp.  prevented  by  N  Sciden.  detenhe*  a  new  fabncation 
procew  The  doublebate  propellant  it  applied  to  a  corrugated  plaitic  Keren  ttructure  at  a  lacquer  in  trveral  dip  coati 
with  partial  dry  mg  after  each  dip  The  lacquer  web  thicknev*  range*  from  about  1 2  to  60  mm  The  gram*  have  not  been 
fired  until  now  The  predicted  burning  lime*  range  from  3  to  IS  m* 

Papet  No  1 7  by  R  Strecket  et  al  prevent*  a  new  type  of  gat  generator  propellant*  Thevr  propellant*  muM  meet 
tpeciil  »pecification*  particularly  a  Urge  temperature  range  (from  21**  to  345  K I.  low  gat  temperature  tTc  <  1500  K). 
tmall  burning  ratr  (r  -  .7  3  mm  'tl  and  compatibility  of  thr  gate*  with  the  structure  Conventional  propellant*  do  not 

Tit  theve  specification*  The  new  ga«  generator  propellant  NB  410206  it  a  IITPB  Nrt>-vtahili/ed  AN  (ammonium  nitratel 
compoute  The  AN  oxidim  it  polymorphic  with  unacceptable  variation*  of  the  specific  volume  in  Ihe  temperature  range 
of  248  K  to  3*)8  K  Incorporation  of  3"  NK>  by  weight  into  the  crystal  lattice  shift*  theve  phatr  change*  to  higher 
temperature*  Another  progress  in  propelUnt  development  is  reported  hy  C  Gol/mer  el  al  I  Paper  No  18)  The  develop¬ 
ment  began  in  1972  with  utilizing  epoxide  crovalinked  agent*  for  a  MTBN  hinder  (mercaptan  terminated  hutadien 
acrylonitrile )  initiating  Ihe  development  of  a  new  hinder  system  It  conust*  of  a  low  acry  lonitrile  type  carboxy- 
terminated  polyhutadiene  acrylnitnle  liquid  copolymer  (CTBN)  which  i«  crotalinked  with  di-  and  tn-epoxide«  Castable 


) 

and  cxlrudahlc  composite  propellant  formulation*  with  very  hijch  solid*  loading  (up  lo  W  of  combined  AP  and  All 
appear  feasible  with  tolerable  mechanical  properties  when  uung  thi*  new  (TBN  binder 

The  mechanical  propertiet  of  propellant*  change  with  storage  lime  Thu  aging  proem  may  have  undesirable 
technical  and  economical  consequence*  In  Paper  So  |d  by  I)  Schmitt  the  aeprett  of  chort  time  accelerated  aging  at 
elevated  temperature*  a*  a  tool  to  make  long  tune  prediction*  feasible  are  discussed  In  double  have  propellant*  chemical 
aging  i*  predominant  wherra*  composite*  are  rather  in*emli»e  they  are  primarily  wibycct  to  mechanical  aging  leading  to 
elevated  itrength  and  attenuated  craih  deformation  the  amoun  t  of  mechanical  aging  decreate*  from  the  propellant 
vurface  to  the  mode 

Smokeless  double ba*e  propellant*  needed  for  tome  n  ilitary  application*  have  disadvantage*  »uch  a*  vitnou*  behavior 
at  high  ambient  temperature*  which  forbid*  cair  bonding  and  tmall  value*  of  mau  dentity  and  theoretical  specific  impulte 
A  llavena*  ( Paper  So  20 1  reported  on  rrvearch  work  at  SNPI  to  create  a  smokeless  propellant,  which  t*  c actable  and  ha* 
better  energetic  and  mechanical  propertie*  than  *landard  doubleb»*e  propellant*  The  preliminary  result  i*  a  firtt  genera¬ 
tion  of  cmokeleu  compocite  and  doublehate  composite  propellant*  usng  hexogen  with  energetic  crotalinked  hinder* 
(example  a  doublebase  compoute  propellant  with  35';  hexagen.  mat*  density  pp  -  1  65  •  10*  kg/m’ .  burning  or 
regrevmin  rate*  r  •  7  15  mm  »  at  pressure*  50  1 20  bar.  theoretical  specific  impuice  lvlj,  *  2400  N-  *  kg  I 

Session  V.  Combuctlon  Inxtabilit) 

A  better  undemanding  of  comhuttion  instability  i*  needed  for  reliable  prediction  in  the  motor  J reign  pha*e  Thu  u 
true  especially  for  Urge  *olid  motor*  *mce  tettmg  u  very  expentive  in  term*  of  time  and  money  Therefore  achieving  a 
wider  theoretical  background  in  thu  field  i*  av  important  a*  fot  hum  rate  modelling  or  comhu*tion  of  metal  loaded 
propellants 

I  I  f  t'uhck  (Paper  So  21 1  discusses  an  approach  (o  non  linear  wave*  in  solid  rocket*  The  unsteady  flow  field  n 
expanded  in  normal  mode*  of  the  chamber  Subsequently  a  method  of  averaging  is  used  Thl*  approximation  ts 
sufficiently  accurate  under  most  realistic  conditions  Deficiencies  of  the  method  can  only  he  remedied  by  a  third  order 
theory  The  presentation  of  P  kurntrmann  (Paper  So  2 2 1  confirms  (he  problem*  in  handling  combustion  instability  and 
give*  a  concise  review  of  ihe  theoretical  and  experimental  investigations  at  ON!  RA  in  thi*  field  Future  work  will  be 
directed  to  a  better  description  of  the  instability  phenomena,  nu-nencal  solution  of  non  linear  instability  problem*  to 
predict  instability  levels  reduction  of  computer  lime  and  additional  experimental  investigation*  In  Paper  No  23  by 
R  l  Ikrrr  et  al  a  straight  forward  method  for  practical  application  is  described  and  a  general  review  of  the  problems  i» 
given  Managing  combustion  in  viability  mean*  mavimi/ing  acoustic  energy  lotact  (particle  damping  1  and  minimuing 
acoustic  energy  gain*  There  are  deficiencies  mainly  in  Ihe  linear  model.  Ihe  laboratory  technique*  and  propellant 
tailoring  It  i*  questionable  whether  quantitative  prediction*  will  he  feasible  in  Ihe  near  future  from  the  practical  and 
cost  point  of  view 

In  Paper  No  24  by  l  de  I  uca  results  of  basic  theoretical  study  are  presented  assuming  heterogenous  combustion  and 
quasi-stead;-  gas  phase  for  composite  propellants  The  non  linear  analysis  uung  an  integral  method  shows  that  three  stable 
Mates  estst  which  are  stationary  combustion,  self  sustained  oscillation  and  extinguishment  The  results  ate  largely  depen¬ 
dent  on  the  flame  model  and  other  assumptions  and  could  not  yet  be  checked  by  test  results 

l  or  base  work  on  low  frequency  oscillatory  combustion  the  I  ‘-burner  t*  the  best  device  because  of  simplicity 
Paper  No  25  by  II  F  R  Schftycr  report*  on  experiment*  with  thi*  equipment  Two  types  of  doublebase  propellants  and  a 
polyurethane  AP  composite  propellant  were  used  To  get  reliable  test  results  a  smooth  and  reproducible  ignition  transient 
is  impoctanl  An  igmtition  lacquer  initiated  by  an  inhedded  electric  wire  hat  proved  to  meet  this  requirement  best 
Frequently  t  *  instability  of  doublebasr  propellants  led  to  chufTing  whereas  the  composite  propellant  tended  to  dp  dt- 
extinguishment  The  experiments  were  performed  under  pressures  and  with  characteristic  length*  which  ire  smaller  than 
usual  for  operational  rockets 

P  M  Hughes  t Paper  No  2b)  describes  basic  research  work  on  non  linear  longitudinal  combustion  instability  in  solid 
rockets  of  caliber  7  cm  Three  different  composite  propellant  case  bonded  grains  (tube.  star,  slotted  tube!  and  three 
non-alummi/ed  IITPB  AP  propellant*  were  used,  varying  only  in  burning  rate  catalyst  and  AP  sire  distribution  The 
motors  operated  stably  in  absence  of  initiating  disturbances  These  were  generated  by  two  hlack  powder  charges  located 
in  pulse  tubes  at  the  head  end  of  each  motor  The  tests  demonstrated  the  feasibility  of  the  method  and  texealed 
increased  sensitivity  to  disturbances  with  decreased  burning  rate  and  increased  free  volume  of  the  chamber 

Ci  I  Fvans  (Paper  No  27)  describes  an  approach  to  the  problem  of  combustion  instability  damping  of  smokeless 
CDB  propellants  by  using  refractory  particles  which  are  unreactive  during  combustion  and  attenuate  the  visibility  of  the 
eshaust  gasrs  m  comparison  lo  aluminum  oxide  particles  The  method  is  not  restric  ted  to  CDB  propellant*,  of  course 
The  investigation*  are  of  bask  interest  for  military  rockets  Txperiment*  have  shown  that  tailoring  the  sue  of  the 
particles  is  less  important  than  the  mass  fraction  of  the  refractory  powder  At  present  most  information  is  available  fot 
silicon  carbide  as  refractory  material  Work  is  going  on  with  higher  density  powders  such  as  tungsten  and  fantahum 
carbide 
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S-vuon  VI.  Ileal  Irantltr  and  Materials 

Progress  in  solid  rocket  motor  technology  it  largely  influenced  by  the  charactemUca  of  lightweight  structure*  and 
relractory  material*  Ihe  prediction  of  matcruU  liehattor  need*  accurate  and  straight  forward  incthodi  of  heal  transfer 
calculation*  therefore,  Ihe  presentation  of  only  three  paper*  in  thi*  session  it  not  adequate  lo  the  importance  of  the 
subject 

Paper  No  28.  presented  by  I)  kampa.  ducusaet  Ihe  advantage*  and  drawhacit  of  current  TVC  system*  for  highly 
manoeuvctablc  tactical  solid  propellant  rocket*  It  it  concluded  that  jet  vane*  are  Ihe  hot  volution  hecaute  ol  large 
deflection  angle*  (up  to  30° I  and  low  actuation  torque*  Additional  advantage*  are  Ihe  possibility  to  generate  roll 
momcnlt  with  a  tingle  norife  arrangement  and  lo  jettison  the  tytlem  after  the  launch  phatc  when  aerodynamic  control  it 
feasible  Ihe  ye!  vanes  mutt  withttand  thermal  shock  and  high  stagnation  temperature  Several  ye<  *anc  matenals  were 
mvestigated  in  static  tests  with  a  1 10  nun  and  a  240  mm  diameter  rocket  motor  using  If  IPB  composite  propellants  with 
lb  I  IN  and  lc<  aluminum,  respectively  and  burning  tunes  Irom  2  4  -  3  7  t  I  or  the  highly  alununircd  propellant*  purr 
tungsten  vanes  protected  by  a  low  thermal  conductivity  layer  were  found  to  be  the  best  material  composition  I  or  the 
I  -  M  propellant  molybdenum  was  sufficient 

A  research  review  on  composites  in  future  motor  hardware  it  given  by  N  I  I'arrat  (Paper  No  29)  with  special 
emphasis  to  tactical  solid  rockets  Research  work  is  aimed  to  the  best  use  of  composites  lo  reduce  weight  and  cost 
Reduction  of  the  inert  weight  up  to  dCi  compared  to  conventional  structures  teem*  to  be  feasible  in  the  future  An 
additional  improvement  can  be  expected  by  combining  the  material  lunctiont  of  structure,  insulation  and  erosion  resit 
lence  Composites  are  suitable  as  multifunction  matenals  if  properly  designed  It  cannot  be  expected  that  multifunction 
matenals  will  be  as  good  as  each  single  function  material  hut  weight  and  cost  savings  are  the  most  compelling  arguments 

C  Bonnet  reporlt  m  his  Paper  No  30  that  refractory  metals  and  graphite  successively  have  been  replaced  by  ablative 
composites  as  nozzle  matenab  in  long  bummg  solid  rockets  The  prediction  of  the  behavior  of  these  composites  has  been 
uncertain  or  even  impossible  for  a  long  period  since  fabrication  processes  were  not  reproducible  Moreover,  the  perfor¬ 
mance  of  analytical  method!  was  poor  and  the  mechanical  charactenstics  of  the  composite  matenab  in  the  relevant 
temperature  range  were  not  known  The  paper  dtscusars  the  milestones  and  the  present  state  of  the  art  at  SI  P  to  reliable 
prediction  of  composite  material  behavior,  especially  of  cast  and  wound  graphite-phenolic*  and  carbon  phenolic* 

Reliable  prediction  is  guaranteed  by  reproducible  measurement*  and  appnipnale  computer  programs  using  flnile  element 
methods 


Session  VII .  letting  and  Instrumentation 

It  is  evident  that  letting  and  instrumentation  is  essential  for  research  and  development  I  laboration  and  standardize 
tion  of  new  method*  it  of  vital  interest  because  of  cost  and  competition  aspects 

Paper  No  3 1  by  A  (>oghc  et  al  .  presented  by  1.  Je  Luca,  reports  on  velocity  measurements  of  particle  loaded  gas 
flows  using  LDV  techniques  ( laser  Doppler- Velocimetry  l  At  present,  the  invest igatKvns  are  in  an  early  stagr  It  a 
notable  that  the  particle  rate  must  he  sufficiently  high  for  a  continuous  velocity  output  and  that  agglomeration  of  the 
particles  should  be  prevented  for  accurate  measurement*  since,  obtiously .  only  small  particle*  have  the  same  velocity  at  Ihe 
ga«  A  new  research  program  recently  started  will  check  whether  the  LDV  method  is  suitable  for  measurements  of 
particle  sure  and  dtatnbubon  and  velocities  in  unsteady  flows 

R  S  Brown  report*  in  his  Paper  No. 3 2  on  investigations  at  UTC  of  low  frequency  pressure  and  velocity  osciliationt 
occurring  in  large  tobd  rockets  T-humer*  results  applied  to  large  rockets  are  unreliable  because  of  thermal  loses  There 
fore,  the  routing  valve  method  has  been  evaluated  Test  results  show  good  agreement  with  T-bumet  results  as  did  invest! 
gallons  reported  by  M  Barrire  I  Paper  No  1 1  (unenl  work  is  aimed  to  a  better  understanding  of  the  combustion  reponte 
and  lo  mature  the  RV  method  at  a  standard  tool  to  combustion  instability  investigations 

D  S  (Van.  Paper  No  33.  dtscutacs  non -destructive  testing  of  solid  propellant  charges  Many  faults  cannot  be  detected 
radiographically  or  only  with  high  inspection  cost  Hinson*  inspection  is  a  potentially  better  technique  since  this 
method  is  sensitive  to  interfaces  I  cracks,  delammalions.  bonding  faults)  rather  than  to  misamgs  Unfortunately  ultra¬ 
sound  damping  in  a  propellant  increases  rapidly  with  frequency  limiting  the  shortest  usable  wavelength  to  I  10  mm 
Thus  ultrasonic  imaging  gives  low  resolution  and  little  margin  for  additional  noise  in  the  data  processing  sy  stem  Since 
focused  images  hy  ultrasonic  lenses  are  not  feasible  imaging  by  holographic  encoding  with  optical  reconstruction  and 
phase  array  focuung  with  presentation  on  a  display  uml  have  been  investigated  The  impressive  amelioration  of  the 
resolution  by  holographic  encoding  is  demonstrated  hy  pictures  in  the  paper  l  sample  In  a  .5  m  diameter  solid  rocket 
motor  defects  of  about  I  cm  diameter  can  be  detected  when  using  a  .5  Mill  ultrasound 

Testing  for  verification  and  reliability  has  a  statistical  aspect,  too  Therefore,  overtrsting  i.e  subjecting  full  scale 
units  to  aggravated  load  conditions,  implies  a  pay-off  in  terms  of  development  cost  and  schedule  Taper  No  34.  presented 
hy  L.Stampfl.  shows  with  application  lo  IUS  (Inertial  Upper  Stage  I  that  this  appmeah  is  valuable  to  solid  motor 
components  snd  complete  motors  It  is  estimated,  that  three  2 O'*  motor  overtests  are  equivalent  to  ten  motor  tests  at 
operational  conditions  Use  of  standardized  test  motors  and  laboratory  tools  is  an  additional  method  to  makr  develop¬ 
ment  efforts  more  efficient  R  R  Weis*.  Taper  No  35.  review*  the  pertinent  efforts  of  the  US  Air  f  orce  Rocket 
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Propulsion  Laboratory  The  mwl  important  advantages  which  are  co»t  vising  am)  comparative  evaluation  balance  b>  far 
the  disadvantages  which  are  limitation  to  carl)  development  stages  and  uncertainly  in  scaling  the  teat  reaulta  to  the  lull 
wale  motor  The  development  program  of  atandard  teal  motora  haa  l*een  initiated  in  I960  At  prevent,  three  familica  arc 
available,  the  BAITS  tballiatic  teat  and  evaluation  jyslern I,  Super  BAT!  S  and  Super  llll’ft)  atandard  teat  motora  The 
maximum  grain  weights  are  75  Ibm.  800  Ihm  per  segment  and  90  000  Ibm.  respectively  Tinally  a  review  on  slandardircd 
laboratory  tools  used  in  the  United  States  is  given 

I)  S  l>ean  Paper  No  .16,  diwuaarv  the  possibilities  of  thrust  transient  measurements  in  rocket  motors  Since  any 
force  measuring  device  can  be  represented  by  a  system  of  masses  and  springs  with  damping  the  natural  frequency  of  the 
system  must  be  sufficiently  above  the  frequencies  of  the  thrust  fluctuations  Sometimes  this  does  not  apply,  especially  if 
thrust  transients  must  be  measured  The  following  pertinent  methods  were  successfully  tested  Measurement  of  all  terms 
of  the  oscillating  system  idaplaccment.  damping,  acceleration  I  and  application  of  the  describing  differential  equation  use 
of  a  ballistic  pendulum  sy  stem  or  low  friction  hon/onlal  sliding  rods  In  the  latfcr  systems  both  the  influences  of  the 
displacement  and  the  damping  are  very  small  and  usually  can  be  neglected 


.1  SUMMARY  AND  C  ONCLUSIONS 

As  indicated  by  Professor  (  <  awi  at  the  end  of  the  Round  Table  Session,  the  contributions  presented  during  the 
Symposium  drew  a  realistic  picture  of  the  present  situation  in  the  field  of  solid  propellant  rocketry  The  presentations 
can  be  grouped  into  three  main  areas  of  interest 

propellant  steady  stale  burning 
propellant  unsteady  burning 
rocket  motor  technology 

Those  concerned  with  propellant  steady  stale  burning  included  advances  in  propellant  chemistry  and  combustion 
modelling  Particularly  noteworthy  are  the  contributions  by  t  aveny'*.  Price'*  and  kracutle  el  al  ”  on  the  behavior  of 
aluminum  in  the  combustion  process  by  which  the  physical  understanding  was  greatly  enhanced 

Regarding  unsteady  burning  several  contributions  of  both  theoretical  and  experimental  nature  revealed  that  a  certain 
progress  has  been  achieved,  still  much  remains  to  be  done  While  considerable  emphasis  was  placed  on  acoustic  instability 
less  interest  was  observed  in  two-phase  flow  with  combustion  Nevertheless,  a  very  interesting  and  apparently  effective 
method  to  suppress  combustion  instability  in  rockets  using  homogeneous  propellants  was  presented  by  I  vans  and  Smith’’ 
who  introduced  refractory  particles  for  this  purpose  It  is  evident  that  theoretical,  non  Unearned  approaches  to  fluid 
dy  namics  and  combustion  need  to  be  pursues! 

In  the  field  of  rocket  motor  design  and  development  it  became  quite  clear  that  the  United  Stales  have  achieved  a 
high  standard  As  highlighted  by  I  Dimes'  Stampfl”  and  Utm"  extensive  use  of  computers  and  slandardircd  testing 
procedures  and  test  equipment  ensure  design  and  development  of  rocket  motors  in  a  lew  expensive  and  lew  time 
consuming  way  in  the  US  than  in  other  countries 

Interesting  forecasts  were  given  by  Parrat’*.  and  Dean  and  Green”  showing  substantial  reductions  of  structural 
weight  and  of  failure  rates 

The  authors  of  this  Tl  R  agree  on  the  general  conclusion  that  the  overall  knowledge  of  solid  propellant  rocketry  is 
obviously  sufficient  to  develop  and  produce  high  performance  propellant  rockets  Due  to  the  lack  of  complete  under 
standing  of  a  number  of  phenomena  there  are  many  problems  solved  empirically  today  In  consequence,  prediction  of 
solid  rocket  performance  is  not  ensured  to  the  extent  really  desirable  and  is  not  achieved  as  economically  as  possible 
The  meeting  has  met  its  aim  as  set  in  the  meeting  theme  but  fell  a  bit  short  in  offering  the  time  necessary  to  discuss  all 
aspects  in  more  detail 


4  RECOMMENDATIONS 

I  ollowmg  the  review  of  the  present  status  In  solid  propellant  rocketry  a  number  of  specific  task  fields  are 
recommended  for  future  medium  and  long  term  applied  research  efforts 

1 1 1  design  of  igniters  for  small  military  rockets  and  development  of  standardired  design  methods. 

(2)  metal  combustion  and  two-phase  flow. 

•3)  systematic  data  compilation  and  reduction  on  specific  impulse  losses, 

(4)  thrust  modulation. 

fS)  lightweight  structures  and  multifunction  materials. 

(6)  nondestructive  material  control  methods  preferably  to  he  used  during  production  to  ensure  high  quality  and 
reliability 


6 


Fur  immediate  Kbon,  the  following  prop-^lt  ere  forwarded  to  AGARI*  and  the  Propuluon  and  I  nrrgrtRt  Panel 

( I )  Apparently  there  ti  a  trend  leading  to  further  diverging  viewt  on  tmokc  and  on  nubility  It  it  underttood 
that  an  enact  definition  of  “the  tmokelew  propellant"  could  temedy  thn  utuation.  and  the  authort  of  thtt 
report  conuder  ihu  highl)  detirahle  A  tmall  Working  (iroup  or  Subcommittee  tponaored  and  otgam/ed  hy 
the  Propubion  and  I  nergetict  Panel  would  certainly  offer  the  appropriate  meant 

(2l  I  qually .  a  Working  tiroup  it  recommended  to  invettigate  the  tlandardualion  ol  prediction  methodt.  etpecially 
for  tpecifk  impuhe  lower  in  metal  loaded  propellantt 
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The  Propulsion  and  T  nergetics  Panel  5-Tn.l  Symposium  on  ‘Solid  Rocket  Motor  Technology’ 
was  held  in  Oslo.  Norway  in  April  1979  A  considerable  number  of  experts  of  nine  NATO 
nations,  both  from  the  research  and  the  development  side  convened  and  discussed  the 
present  status  of  solid  propellant  rocketry  With  the  Technical  I  valuation  Report, 
presented  as  an  AGARD  Advisory  Report,  a  team  of  three  authors  assessed  the  vanous 
contributions  and  underlined  the  highlights  of  the  Symposium  The  authors  offer  their 
condusons  about  the  meeting  and  their  recommendations  for  short  and  long  term  activities 
in  the  field 
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The  papers  presented  at  the  Symposium,  the  discussions  held  and  the  concluding  Round 
Table  Session  are  published  as  AGARD  Conference  Proceedings  CP-259 
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